Electricity is an undisputed factor supporting human development, while further promoting social wellbeing and fostering economic growth in modern societies. Therefore, the electricity market provides a vivid policy-making arena for the European Union (EU) regulators, where on-going structural reforms are fostered with the aim to encapsulate and accommodate sustainability aspects. Notably, the EU Member States have adopted the strategic roadmap "Europe 2020" towards reducing greenhouse gas emissions and energy consumption by 20%, and generating 20% of energy from renewable sources. However, our research highlights that strategies trying to balance sustainable electricity supply with demand often neglect the societal pricing acceptability of the electricity provided to consumers. Thus far, existing literature focuses on electricity pricing policies that fail to capture the dynamics that are not realistic and do not receive consumers' acceptance. To that end, marketing could have a key role in fostering the market penetration of green electricity. This study elaborates the System Dynamics (SD) methodological approach to embrace the marketing dominant factors and assess related interventions that could shape a sustainable electricity market. The proposed SD framework could assist public and private stakeholders in determining a rational electricity pricing policy within a sustainability context. Finally, policy-making interventions are discussed in order to provide managerial in-sights for the decision-makers.
Introduction
Economic development of nations and prosperity are associated with a commensurate growth in energy consumption and even specifically in electricity. Indicatively, for the specific case of the Association of Southeast Asian Nations (ASEAN), the growth rate of electricity consumption during the period 2000-2009 was 6.6% while the corresponding world average was only 3.1% (GDP growth of 5.2% and 3.5% respectively) [1] . However, environmental concerns and health risks necessitate energy conservation and reductions in the CO2 emissions related to the use of fossil fuels for generating electricity [2] .
To that end, regulatory reforms and technological advancements have fueled the global exploitation of renewable energy sources for power generation, i.e. wind, solar, and hydro power [3] . Notably, the European Union (EU) established as a strategic goal that by 2050 a competitive low-carbon economy will have been developed in the respective region followed by reductions in the generated GreenHouse Gas (GHG) emissions by 80%-95% [4] . The projected share of renewable energy consumption in 2050 is thus estimated to range between 55% and 75% of gross final energy [5] .
Nevertheless, the significant costs associated with the exploitation of renewable energy sources fail to incentivize the adoption and market acceptance of renewable energy systems [6] , while the aforesaid financial drawbacks further dictate the need for investments and appropriate pricing strategies in the field [7] . Briefly, pricing is a significant variable that impacts the effective promotion of clean and sustainable energy [8] . However, existing pricing strategies trying to balance sustainable electricity supply with demand often neglect the societal pricing acceptability of the electricity provided to consumers [9] . To that end, marketing could have a key role in fostering the market penetration of green electricity as "Green energy's future success depends on effective branding and marketing communications strategies designed to enhance consumers' benefit perception" [10] .
To this effect, the present manuscript provides a brief review of the electricity pricing mechanisms with a specific focus on electricity generated by renewable energy sources. Our main aim is to propose a System Dynamics (SD) framework to assess the impact of marketing intervention policies towards sustainability in the energy sector. This first-effort framework could assist public and private stakeholders in determining a rational electricity pricing policy within a social acceptability context. The rest of the paper is organized as follows: In Section 2 we present a review of basic concepts associated to modern energy systems. Focus is provided to electricity pricing mechanisms and to the role of marketing in the energy sector. In Section 3 we present the European energy landscape and we further motivate the need for the utilization of sustainable energy systems. Following, in Section 4 we introduce the basic elements of the SD methodological approach. Furthermore, in Section 5 we present our SD proposed framework that embraces the sustainability dynamics in the green electricity sector and we further explore the role of marketing towards consumers' environmental awareness and social acceptability of renewable electricity pricing within a sustainable energy system. Finally, we wrapup in Section 6 with conclusions, limitations and future research steps.
Basic concepts
In the subsections that follow, we present a review of key concepts that govern modern energy systems. Focus is provided to electricity pricing mechanisms and to the role of marketing operations on the adoption of renewable energy sources in the energy production mix.
Energy Supply Chain
A supply chain (or value chain frequently referred in the literature) is complex, dynamically evolving globalized network which involves a plethora of stakeholders and a sequence of operations aiming to deliver a product or a service to an end-user [11] , [12] . The involved stakeholders operate at different echelons of a supply chain and undertake processes through which raw materials, components and products are produced, combined and delivered [13] , [14] . Therefore, any energy system can be regarded at a macro level as a supply chain [14] . Such a network includes stakeholders who represent different raw materials, fuel types, energy conversion technologies, infrastructures, facilities, labor force and equipment that are needed for the development, manufacture, installation and operation of the respective energy system [14] . Compared to similar networks which are responsible for the procurement of vital commodities (for example agrifood supply chains), energy supply chains are shaped by national and international intervention policies, regulatory frameworks and other regional legislation schema and rules imposed by stakeholders in interconnected energy markets [14] , [15] . The major purpose of such an energy supply chain is to address the increased demand of consumers for high quality and uninterrupted energy services like specifically for heating, power and transportation, which are vital operations across an economy [14] .
A typical structure of an energy supply chain is adopted by [14] and is depicted in Figure 1 . In this chain five (5) echelons are recognized. First, the identification of raw material sources is detrimental in order to determine the volumes of fossils that can be extracted and subsequently the potential for energy generation. Afterwards, the collection and mass storage of raw materials (either in energy production factories of distillers) is required to determine the needs of imports or the potential for exports. Following, the conversion of the raw materials into energy forms takes place and secondary sources are elaborated to distribute the generated energy to the end-users. Figure 1 . A typical energy supply chain (Adopted by [14] ).
The structure of the liberalized electricity market is characterized by a high level of complexity due to the diversification of the involved stakeholders that can be classified into three (3) main categories. The first category includes the power generator companies that shape the generated energy production mix and therefore control the supply of electricity.
The second category further consists of three subclasses: (i) the energy distribution network, (ii) the transition network, and (iii) the electricity marketpower exchange. The three subclasses formulate the pool market of the electricity. Specifically, the distribution companies are responsible for the distribution of the energy generated from the power companies, bringing the competition one step closer to the end-user. The transition network is responsible for the operation and the maintenance of the grid, controlled by an independent system operator.
The last subclass of energy market stakeholders refers to the power exchange responsible for the charges of the short-term trading schema (spot prices and market derivatives) and for establishing contracts. The final category includes the end-users that determine the demand for electricity. Figure 2 constitutes an extension of Figure 1 , illustrating not only the echelons of an electricity supply chain, but also summarizing the scope and the responsibilities at each echelon. 
Energy pricing mechanisms
The liberalization of electricity markets provides a promising ground for research activities related to energy pricing mechanisms and forecasting [16] , [17] . Main energy pricing mechanisms include statistical modeling [18] , linear programming [19] , stochastic approaches [20] , neural networks [21] , Markov models [22] , and decision tree approaches [23] ).
Generally, the pricing criteria elaborated by the aforesaid pricing mechanisms can be clustered in the following five categories depending on their properties and areas they associate [24] : (i) economic, (ii) technological, (iii) social, (iv) political, and (v) obstacles. Remarkably, other studies focus on the factors that affect renewable energy investments and further highlight their significance from the perspective of a developed or developing country [8] .
Sustainable energy and marketing dimensions
Nowadays, despite the critical role of renewable energy sources towards environmental sustainability, such technologies are unevenly and insufficiently exploited in the EU and today account for only 8% of the energy consumption in the respective region [25] , [26] .
Therefore, marketing operations could have a positive impact on the adoption of renewable energy sources in the energy production mix. Specifically, the particular branch of social marketing that is reported to be able to influence social behavior and benefit the entire society could be a useful tool for state agencies, institutions and organizations [27] , [28] . Within this context, the study provided by [29] verifies the significance of elaborating an optimal social marketing nexus (i.e. Product, Price, Place, and Promotion -4Ps of marketing) for publicizing energy conservation behavior patterns to students in Malaysian universities.
Recently, the way direct marketing tried to shape the energy regulatory framework in Germany is studied [24] . The authors consult that related policies have to sustain a competition between different direct marketing strategies to realize which strategies serve the best in terms of achieving a successful energy transition towards renewable energy sources.
Finally, a recent study tackles the energy issue in the residential domain [30] . The authors examine the manner social marketing could foster the development of large urban electricity meter replacement programs. Similar initiatives could assist in realizing reductions in peak energy demand and consumption through the use of advanced metering infrastructure. The authors conclude that community awareness and behavior change programs through facilitating community-based social marketing strategies can result in lowering peak and average total energy demand.
European electricity market: pricing mechanisms and marketing dimensions

European energy market
Energy is a vital constituent of the European economy and an integral part of modern European lifestyle. It is normal for European citizens to have access to petrol, gas and electricity in an uninterrupted manner. Nevertheless, almost 11% of the EU households are of the sense that they are unable to keep their homes warm [31] . Furthermore, numerous European energy intensive industries are cautious about the negative impact of the high energy costs upon their market competitiveness.
To that effect, the implemented European energy-related policies have focused on the supply echelon of the regional energy supply chains in order to secure: (i) electricity and gas markets' development, (ii) increased market competition, (iii) diversification of energy production sources and supplies, (iv) limit energy consumption and emissions to foster environmental sustainability. The aforementioned policy axes aim to mitigate the risk stemming from energy supply disruption and sustainable fuels' development in Europe.
The European energy system ( Figure 3 ) involves different actors in the related energy supply chains, and the role of each echelon is critical for both energy security and sustainability. Due to the institutional structure of the EU, it is imperative to highlight that the national energy mix of each EU Member States has a profound effect on the energy security of the rest country members and the overall sustainable development of the EU. Therefore, it seems unavoidable that the monitoring of the regional energy market could assist in the assessment of current status and in the outlining of interventional policies to drive energy security, environmental protection, economic development, social energy pricing schema and welfare.
To be concise, during the last decade the energy mix at a European level is dominated by crude oil, petroleum products and natural gas (Figure 4 ). Remarkably, the total energy demand in 2012 was approximately at the same level as the demand observed in the mid-90's and more than 8% below its peak in 2006. This could be attributed to a combination of factors, including the recent economic recession and the consequent structural changes in the EU economy.
However, the composition of the EU energy consumption presents a constant change over time ( Figure 5 ). Particularly, gas utilization has grown by 20% to 23% in the European inland consumption between the mid-1990 and 2012, while the share of renewable energy sources has almost doubled during the same period and reached a peak of 11% in 2012. On the other hand, over the previous decade the utilization of solid fuels has declined from around 21% to 17% and that of oil from 37% to 34%. The share of nuclear power employability has remained relatively stable at 13%.
Despite the fact that EU energy demand has remained, on average, stable over the years, domestic primary energy production demonstrates a decrease by 5% in the period 1995-2012. Specifically:
• natural gas production has dropped by almost 30%,
• crude oil and petroleum production declined by 56%, and • solid fuels (including coal) dropped by 40%. Fortunately, due to price and environmental pressures, energy production from renewable sources has increased by 9% over the period 2010-2012 and accounts, thus far, for the 22% of the primary energy production in the region. Indicatively, the United Kingdom and the Netherlands are the largest natural gas producers in the EU and in 2012 they accounted for 43% and 26% of the EU gas production respectively. Following, Germany and Romania have a natural gas production share in the EU of 7% and 6.5% respectively. In addition, the United Kingdom is the leader in the crude oil production in the EU (61% according to Eurostat statistics for the year 2012) followed by Denmark (14%).
In order to respond to the declining trend on the local energy production and to meet the domestic demand (that had been increasing until 2006), the EU has shifted to growing imports of energy. To be more specific, the EU imports of natural gas have increased by 6% within the period 1995-2012, while the imports of crude oil have reached a 3% increase during the same period ( Figure 6 ). Figure 6 . Share of net imports in total demand by energy product, EU-28, 2012 (Adopted by [31] ).
Although Figure 6 demonstrates the relative share of energy imports to demand (in %), it is also important to consider the absolute energy volumes that the EU needs to import (i.e. the difference between total demand and total production) for economic purposes. Therefore, regional net energy imports in 2012 accounted for the 25% of the total energy demand in the EU in terms of ktoe ( Figure 7 ). The most concerning element in the energy landscape of the EU lies within the major differences that exist in the energy production profile among its Member States. Overall, the share of energy production to total demand has decreased in the region. In the case of the United Kingdom, the decrease is about half from its peak, while in Denmark and Poland the decreased by 30%-40% and in the case of the Netherlands by more than 15%. On the other hand, Estonia is the only EU Member State that has increased its energy production to the national energy demand. Therefore, the EU net energy imports have in overall increased.
European electricity market
In the EU, electricity is the most broadly used energy source. However, electricity can be generated from various sources (e.g. renewable energy sources, fossil fuels, nuclear sources etc.). The plethora of feedstock that can be used to generate electricity is the key attribute that highlights the role of electricity in an environmental sustainability context. In 2012 about 53% of all solid fuels in the EU-28 were used in order to produce electricity in conventional power plants whereas 21% were used for electricity production in conventional thermal power stations.
Moreover, it can be seen that solid fuels, in 2012 in the EU-28, account for the 27.4% share of the domestic power generation mix and that solid fuels' import dependency was almost 26%. This fact can be attributed to the regional abundance in brown coal and lignite endowments.
Furthermore, according to [31] , electricity consumption in the EU presents a strong correlation with the size of each individual Member State's economy. The EU leaders in electricity consumption for the year 2012 were Germany, France, the United Kingdom, Italy and Spain which account for a total of the 65% of the aggregate EU electricity consumption (namely 18.8%, 15.4%, 11.4%, 10.6% and 8.6%, respectively). In contrast, the combined electricity consumption of countries like Malta, Cyprus, Latvia, Lithuania and Luxembourg corresponds only to 1% of the total EU consumption for the same year.
An important factor that affects the energy sources exploited to generate electricity is price. What is more, the recent CO2 emissions trade scheme enforced in EU Member States and the price of the carbon emission allowances has a key role in the electricity landscape. Mainly, electricity is generated by coal and gas fired sources. Regardless of the fact that the GHG emissions for each unit of generated electricity power are higher in the case of coal than gas, coal is still dominant in electricity generation. Remarkably, during the period 2010-2012 the share of gas to electricity generation declined from 23%.6 to 18.7%, while simultaneously the share of coal increased from 24.5% to 27.1%. This can be attributed to the fact that the import prices of steam coal in Europe have been decreasing since the beginning of 2011, while gas prices are continuously rising and carbon emissions' prices are still low.
Existing data reveal also that coal-fired generation assured better profitability than gas-fired generation for the cases of the United Kingdom and Germany in 2012 and 2013. Notably, during the last two years gas-fired generation turned to be uncompetitive in Germany, thus repelling gas from the European power mix. Finally, in the EU power mix the gap in electricity generation resulting from the increased prices in gas and nuclear sources was filled by renewable energy sources.
System Dynamics methodological approach
Theoretical background
The energy sector embraced the SD methodology from an early stage as an appropriate tool to embrace the plethora of parameters within the energy sector [32] and for policy analysis in the upcoming energy era. The SD methodology is grounded in the theories of linear/nonlinear dynamics and feedback control loops and is well documented as an approach for studying the dynamic behavior of complex systems over time. The theory of SD methodology was developed during the fifties and sixties by Jay W. Forrester as a policy design tool for complex management business problems [33] . Despite traditional discrete event simulation-based approaches, the SD methodology provides an understanding of changes focusing on the interaction between physical flows, information flows, delays and policies that create the dynamics of the variables of interest and thereafter searches for policies to improve system performance. Through analyzing the processes of information feedback, the SD methodological approach reveals the interaction between physical flows, information flows, delays and policies that create the dynamics of the variables of interest and thereafter searches for policies to improve system performance.
The structure of a system in SD methodology is based on Causal Loop Diagrams (CLD). The CLD capture the major feedback mechanisms. These mechanisms have either a negative (balancing loop) or positive (reinforcing loop) effect. The direction of the influence lines (causal links) displays the direction of the effect. The sign (+) or (-) at the upper end of the influence lines shows the sign of the effect. When the sign is (+), the variables change in the same direction, having positive or negative influence [34] . Through the causal analysis, the dominant feedback loops (balancing and/or reinforcing) will be exhibited, as mechanisms governing the mode of the dynamic behavior of the system.
SD modeling framework
Modeling a system is an iterative procedure. Falling into the context of the modeling approach, the SD methodology can be described in five (5) iterative stages embracing both qualitative and quantitative aspects, as depicted in Figure 8 . The qualitative phase consists of four (4) stages, addressing mainly to the conceptual reincarnation of the modeling procedure. The four stages of the qualitative phase are: (i) the development of causal-loop diagrams, (ii) the identification of the interrelations among the system elements, (iii) the clarification of the system objectives and (iv) the delimitation of the system boundaries. The quantitative phase follows the qualitative phase and contains the development of the flow diagrams. Subsequently, the diagrams will be translated into simulation programs that will be verified and tested. The simulation discipline is further utilized to conduct what-if scenario analysis. This analysis is supported by a special software simulation packages, dedicated to continuous simulation. Based on the results obtained by simulation runs, policies that improve the dynamic behavior of the system are revealed. The last and the most crucial task is implementing the model insight among policymakers. The success of the model analysis comes along with the insights adopted by the decision makers.
Modeling framework
The general approach in energy systems is that supply corresponds to the articulated demand through a pricing mechanism as depicted in Figure 9 . Therefore, our aim is to propose a conceptual system for monitoring marketing interventions and the sustainability of a green energy system through embracing the endogenous control mechanism trying to balance four (4) dynamics including: (i) environmental sensitivity, (ii) economic and social viability, (iii) economic affordability, and (iv) environmental acceptability.
At first, we identify a fragmented external environment (i.e. energy generation and consumption ecosystem) with two internal levels of analysis. Common influential factor in both levels of analysis is the marketing intervention. Overall, three reinforcing and three balancing loops are identified in the proposed system under study.
The first level of analysis focuses on the generic overview of the green electricity market dynamics. The price formation of the renewable electricity commodity can thus be attributed to an adaptive process aiming at balancing the effects of the demand and supply as demonstrated by the balancing causal loops B1 and B2 respectively (see Figure 9) . Regarding the demand, the price elasticity affects accordingly the average demand for electricity, based on the income of the consumers. Considering a stable supply of power in an electricity generation system, an increase in the demand results in an increase in the energy price in an effort to mediate the respective demand (balancing loop B1). On the other hand, increased electricity price affects negatively the energy demand as consumers cannot afford to pay a premium for the utilization of energy. Similarly, the price elasticity on the supply side of the system under study affects accordingly the average demand for electricity, based on the energy providers' operation costs. An increase in the generated electricity capacity results in a decrease in energy price (balancing loop B2). Contrarily, decreased electricity price affects positively the energy demand as consumers are able to exploit electricity services, hence promoting the quality of living. Therefore, targeted marketing activities can affect consumers' willingness to voluntarily pay extra for an additional premium in order to accommodate their needs for energy and foster the overall effort for reducing GHG emissions for the public benefit [35] . Furthermore, on the long-term, marketing strategies can shape the price elasticity of the electricity demand through succeeding in altering the utilization attitude of the energy market [29] .
At a second level of analysis, we identify three reinforcing (R1, R2, and R3) and one balancing loop (B3) that affect the renewable electricity system state (see Figure  9) . Firstly, consumer's increased environmental awareness increase the energy system state, thus enhancing (reinforcing loop R1) the environmental consciousness of the market for the utilization of green electricity [36] . Secondly, the social acceptance of renewable energy systems further supports the energy system green state, hence resulting in an economic and social viable electricity system (reinforcing loop R2) [37] . Sequentially, a stable electricity system relying on renewable energy sources allows for the drafting of sustainable pricing policies that render green electricity affordable to the end-user, thus further fostering the social acceptance of environmental friendly energy systems (reinforcing loop R3) [38] . Finally, a steadystate renewable energy system results in major decreases in the taxation (i.e. penalty costs) for power-generation related CO2 emissions, henceforth enhancing the environmental awareness of the consumers (balancing loop B3) [39] . At this second level of analysis, marketing interventions could be tailored to impact the environmental sensitivity of the electricity end-users and the social acceptability of renewable energy systems, despite the initial premium price of the supplied electricity [40] , [41] . The decision-maker has to determine a sustainable intervention target; hence the overall energy system sustainability is the divergence between the current system state and the strategic sustainability target. Thereafter, affordability is a function of sustainability and social acceptance, while taxation is a function of sustainability and environmental awareness. The overall system objective is to reach an equilibrium between the installed conventional production capacity and sustainable electricity production.
Research results and limitations
Simulation results
Focusing on the social acceptability of electricity price, we investigate the role of marketing towards stimulating consumers' environmental awareness and affordability towards the formulation of a social acceptable pricing policy in a strategic time horizon of ten years. Our analysis follows the goal seek approach and proves that the social acceptance of electricity price towards articulated environmental and economic sustainability targets follows an S-shaped curve (see Figure 10 ). Following, Figure 11 depicts the trend of electricity price taxation and affordability as a result of the implementation of a policy intervention. The model core programming code has been generated using a commercial simulation programming software, namely: PowerSim® Studio 10, Academic Edition. The diagrams illustrated in the figures below are copied directly from the software environment. Figure 11 . Representation of policy adoption rates. Figure 11 illustrates that marketing policy interventions can, in fact, result in a balanced energy system in terms of green electricity price affordability and taxation (penalty costs) over the system's generated CO2 emissions. Particularly, marketing operations can increase the consumers' willingness to pay a premium price for the supply of sustainable generated power. In parallel, marketing efforts promote the utilisation of renewable energy systems, hence resulting in reduced GHG emissions and in lower average levels of green price elasticity.
Limitations
The greatest limitation of the present study lies within the fact that it considers a fragmented system without holistically embracing the entire marketing and energy system parameters that affect a sustainable energy market. Another limitation of the study is that it does not consider the different levels of the initial life-cycle for renewable energy sources that could require different intensification of the applied marketing policies.
Concluding remarks and future research
Electricity pricing mechanisms and sustainability dimensions are often neglected by the scientific research and are rather regarded as separate components of the respective systems. To this effect, our proposed model is a first-effort generic approach towards holistically embracing the marketing dynamics affecting electricity price mechanism and the adoption of sustainable energy systems. Our findings verify that marketing operations can be applied and have a detrimental role in the communication and branding of electricity generated by renewable energy sources as in common other products and services [42] , [43] , [44] .
Specifically, in this study we elaborated the concept of energy supply chain and we identified that the major echelons in an energy supply chain are the production and the consumption [45] . On its basis, this relationship is bilateral. Fundamentally, as energy cannot be stored energy demand determines the installed energy capacity. The intensification of marketing operations seems to positively affect the adoption of renewable energy sources for the residential sector. Hence, funds need to be targeted at the consumers' information about the merits of sustainably produced energy as to raise their environmental and social awareness [29] , [30] and attract their interest towards eco-friendly energy technologies. This is a first-effort approach towards studying the role of marketing interventions towards fostering the diffusion of sustainable energy systems. As part of our on-going research, we aim at investigating the four (4) components of energy security, namely (1) availability, (2) accessibility, (3) affordability, and (4) acceptability [46] , and further adopt them in our SD modeling approaches. The issue of energy security has been rather adequately addressed in the literature. However, the majority of existing studies are limited to analyzing statistical data and no marketing ramifications for sustainable energy policies are thus far investigated integrally [47] .
